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ABtOUCTt   This report deeeribee •one of the geaeml de*XcB feature«, 
both eleetrle«! end Mohaiileel, ourrentljr u««d la tto eeiwtruetlon of 
Intorml «trelii>(M« beleaeee.   Aneg the dMlgn f«eturM dleeuM«d 
ear« the geoaetrle ttop« of th« Indlvlduel ■Msurlai ««otlon«, tta« 
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This report is OM of « itrlM of thrt« «hleh h»v« b«ia praptrad for 
us* by ponemMl or erguiMtloai who «ill bo ualng tho foollitlti of 
tho Navol Ordnaneo toborotoiy for dovolopaontol »lad-tunnol totting 
work.   This roport doierlboi tfao doitcoi and uaa of intoraal itrala- ? 
gag« balanoaa to obtain aarodynaalo datlgn data. 

Tho syitcoa uaod for rooordlag vind-tunnel foroo, aoaont, tat prasiura 
data aa raoolvad fro« alaetrloal raalataoea atraln-gago balaaeat it 
daaorlbod in rofaraaeo (a). 

Safaranea (b) eontalaa a gaaaral daaerlption of tha viad-tuanal plant 
and facllltlat, taatlag proeoduroa, and gaaaral adalnlttratlv« 
laforaatlon. 

Tho authors viah to aekaowlodga tha afforta of tha aany Nkval Ordnanea 
Laboratory paraonaal whoa« work haa baan iaoludad in this raport and 
particularly tha original work of Or. 0. L. Shuo In tho dovolopaaat 
of tho intonal «train>gaga balaaeaa. 

JOB» T. HAWAW) 
Captain, UBN 
Coanaadar 

R. R. KIMVB, Chlaf 
Aaroballlttle Rasaareh Dapartaant 
By diraetlon 
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SynbolB (oontlnuad) 
(2) Mo—nf 

M^ ■ rolling ffloawnt (Ineh-pound«) 

M^a yftvliig Dorannt (Inch-pounds) 

Ne ■ pitching moamnt (ineh-pound«} 

(3) Hofronct point« («tntloo« along telnno« uri«) 

Xe      ml m oonttr of e.-»ylty loeatlea (rofortnc* for 
pitching ud yawing aoamt«) 

Xc#p# ■ orator of prtaauro location 

Xc  ■ «loetrieal center of gag* 

Xi  ■ «loetrieal center of forward pitching aoMBt gtge 

Xg  ■ electrical canter of aft pitching noaant gag« 

X3  ■ electrical o«nt«r of forward yawing monant gag« 

X^  • electrical center of aft yawing aoa«nt gag« 

X7  ■ elactrical center of axial force gag« acting aa a 
pitching aonant gaga (interaction) 

Xg  ■ electrical c«nt«r of axial fore« gag« acting aa a 
yawing moment oaga (interaction) 

Anaular Orientation 

a ■ angle of attack (degreea) (pitch plena) 

0 ■ angle of roll (degreea) (angular displacement in plane 
transrer^e to balance axia) 

fm angle of yaw (degrees) (yaw plane) 

Beference Plaanaiona 

(1) Miaaile 

A ■ oroee-sectlonal area (inch2) 

d • nominal body diameter (inchee) 

i 
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Systbol« (eoBtlmMd) 

(2) Alrwtft 

b ■ «lag »pn (laehM) 

e ■ «lag «MB «arodyaaalc chord (inchM) 

• ■ «lag are« (lache«)2 

ATOftra—1c CotfflelenU 

CA > axial faro« coefficient ■ f/q,S 

CD ■ drag fore« coefficient ■ o/q.S 

Cj, ■ lift fore« coefficient ■ L/q.8 

Cg m aoraal force eoeffloleat ■ W/q.8 

Cy ■ yaw force coefficient ■ f/q.S 

Cp m relllag aaaent eoeffloleat ■ M0/q,8.4 

Cpm jrawlag aoaeat eoeffloleat ■ ly/q.S.d 

Cg ■ pitching aoMat eoeffloleat • Hg/q.S.d 

Operating ftrlaclple of the latenal Strala-Oag« Balance 

k,   tb» principle of the latenal etrala-aag« halaae« la a 
fiM&Vniy BÜgia one.   It is airoljr a eastllevar b«aa «1th epeclally 
intifmi «roM-taetloni «hlch are anr« eaaeltlTe (deflect aueh aere) to 
mm tn* at loading than to any other loadl^.   Th« Idaal eoadltlon is 
a fXaraw aaetlen which «ill deflect ooJy for th« loading to be asMutod. 
ia prootle«. It la alaest lapoealble to deel^i aad build a balaart« «hlch 
is totally trm of latontotlen.   FToeedur«« aal asthods for deall^ 
with «MM latoraotloas ar« pnseatvd ia snceeedlng pangraphs.   Ueh 
of th« load seaolng flexure» caararts th« pfeyaloal strass it plohs up 
lato aa «laotrieal signal by aoeas of sUmis gM«s «hieh ar« beaded to 
th« aotal at that location. 

9.   Th« ehoage la resistance du« to d«fl«etioa of a stiaia 
ia imrr saall.   A« resultant percentage ohoagt ia veltag« aeress the 
gßtß would, «hsTCforo, llhowlse b« wary saall, aad diffieult to 
■Hawa.   Bowewor, by the UM of bridge circuits, it la poMlbU to 
bolOBM «ob th« initial veltag«, and to Ma« th« saall change produced 
lallaata M aa absolute ehuge which oaa tMa M asMiarad with aoderstely 
seMitiws iMtrwsats.   Th« other thTM aias of the bridge could M 
fiand rMistaaces, but by amaglag other strain gages to be used as the 

J 



of «IM toUc»* 1« !• fSMlkl« to «Mala fMT «1M« «M 
volUf» ekMf».  yurttiRMN« SIBM all pgM w« leMtad eleM tettthw 
Mi «11 «N tlAjMMi M «IM MM «MPMt>WH «IM^M, U* «Mh ftMnglt 
•frMtiBf «iw rMiMMM «r Mi MM «MM mmmmmr MNM ail or 
«to MM« MHAUy, «to* «UalMtlag «iwtow *fM« trm «to MlioMlM 
of «to to UM».  A1M, M ItolMtoi la «kU MM««« «ffMM of 
f«MM «r MMM« ««tor «to« «to «M «e to MOIMI! MT litovlM to 
■1«t«l«to «tooH^ «to UM «r «to tmm mm tolMsa.   Shw MM «f «to 
toUMM Mti «I «to Mml QPtoMM Ukmtfimr AaNtolUMi« UtrnHk 
rMUl«y M« «to fair MB WMMMMI.  ffetMl 
•M toMTltoi to «to f ellMlaf 

n««kito toMto «to YMiag 

6.  Iton to ri«MM i to • lyfiMl «MtlM «hlto «ill MMUM tott 
ylttolH «MM« Ml ywtof MM* •iMitotoMrty»  fto «toMsloM of «to 
•N«a-«M«lM «f «to »i««k M IM UM"»!«* f itoMülMi to «to 
MMttuto of «to MMftl «r ym f MM «MM««! Mi to «to IOM«1M «f «to 
««M«M Of IVMMN.    flW MMHto —f«li «I «to« M««iM «• • fM0«iM 
of toto forM Ml ftoto^f MjUMiHto «toNf«M, I« U MMttto «O M« 
«to «MM «NM-«M«l«Wl ilHMlMM f« • MTltolT «f ■««■iyMl« iMilBf«» 
«l«hto OtoNkto ««NMftotoNMM.  fto «ptM llto« of ■ItowM» ««Mto, 
i« iM«wtMi to «to tomto mm»  fto MMtot—*■ MMMHIHIM U 
four to fit» «toiMto MOM iMtoo tmr Uta, tolah 1« routfüjr MUIMIOM 
«0 O ««MM of 180,000 to 190,000 Ml f« H««!! toMMt, «hi« MM« Itoi« 
1« «oliM Ml«wtol f« ««tola looi«.  fto 1MM llto« 1« irtiralMi to 
«to «tollflM «toN««Ml««iM «f «to «iMtoMlo ««nto ItoiM«« «««iMMfe. 
rtm mtmrim»; «Mltotoi «to toMto ItototoM M«I«MM M» «fMiltoi» M 

f W «to« Mtk, ft ««MM «f 100 Mi to« 

a^i sipIr to «11 of «a nwiM«—« MMwril to «to 

7.  A pi«* f«M», r, «iflioi to «to tol«M« M «MM to yignr« to, 
«ill «toto«« «to« «»««iM to • toallto MMto.  Xf «toM mm» M» 

olMtoiooUy M toM» to fl«M» to, «tto • f«««totol v «fplito 
yoito« J «to X M M1«OM «ifr««MM «ill •»«« MNM Mito« A 

»toaiia •al I if oU of «to wi«««MM an M»! I» «•!«••   Vito 
—tol to «kto ««««iM MOM 1 Mi 9 toM tow Mi to NO! 
mm» 8 «to * toM IIWMHI to M«i«««M0| «to«, ff»ito A i« to • low 
Mtototol «toa i« «M «i«k M toailai Mi Mito I to to • M*M Mtototoi. 
2« i« «to Miwrtiil iiff«MM» totooM «toM «M Mtoto «to« iNrliM «to 
MM« for «Mtoi«toi««]or toiontotof «to MMM. 

S. fton «M a wtoM of wrtoM •••«iMi «to« «ill MM«*» toiium 
l| toMTM, «to «TMif«HI ««««iM M to*« to FifHM SA i« MM 

M» MW»* MMHBP» MMMMMy*     4»» wmj^ ■Wa^WM* 
M, «M» Of MMfM«M», ■■I «itoli«ito to MMtoto Ml 

«irito «f «h» itoitiiMl MMto tofM.  fto nU «»MiM of «to totoao» 
i« fMNVUgr iMttoi, «toa pmMiaau», an« «to iwtoi 
PMMM« of «to aoiol.   fto« ««ato to Ni«M «to «ff»«to 



2?78 

9.   It it iMsiUs to «IN this Motim la sMoh • MWIT M to 
■laialM iBUNMtlMi «dTfoetSf «M rifur» 31.   tar «MpU, if a relllag 

(iy) la «ppll^ to th* tolMw«. pfM 1 «ri 3 «1U to la 
' ) «kilo pflM 8 M« 4 wiU' lion (raduciag rwioUMo) «kilo pfM 8 M« 4 will bo la Umim 

(iMMMim TCtiSUMBo).    ThiO «ill ONOtO Ok WfttlMMH la tlM 
VhMUtcM Bride« elroult oad uMm tkit ooapeMot to bo MMUNi. 
Bowovor, o pittth fore« (P) «mllod M thorn ia ri«w« 34» «ill »Utt 
Pftt 1 aad 2 to ttMioo oad gittt 3 MA ^ ia »B^pitttlMi, tbtorttiolly» 
ttutiag to potwfeial «ifftrcato «erett polaU A oal B.  A yav ftrto (X) 
wouU bt «otoliai ia tho MM MM« tlaso pgtt 1 Ml ^ vouU bo la 

•tiea «al pfM 2 oal 3 «ould bo ia tMtioa. 

10.   Zt MouM bo Mtod ia Pifiao 3 that tho ttroia 
IOMM« ot tht etotor at tho flak tooti« ot kfi 4ogroM to «hw oiit or 
tht bfUMM.    Thit it MtMMir iB Mt«« to MtiliM tto —i— «r 
MihMilBtl MMitiTiV MaUahlo.  Tht rtroM eeoMokntiM 
tortiM it fTMittt «t thMO poislt. 

Axial rcre« ItltMt fottiM 

Mitl f OrOO OflMMMAj   mrmwww, 
uttd Mot tucottifiillj ot tht Bovol OviMMWo lohtcottvy it MOM ia kht 
dlacruMtio ahttoh ia ri«ia« U. To dako# thit «Mia *• pioliol tho 
aett Mtitfaotoy Moulta. Tht ialMMtiM « Mial ftrco «M to pitth 
tad yw iMiiig wo nimtt by tho MthMltal «Mlpi ct thit tteMtvro. 
Tht dotailt of thit MtigtMo tMPlM «« att «Ithia «ht toopo «r «hit 

oad ti*o«l«qr «ill ia PMMI htU trvo for othtr asial f«wo 
i* 

U. Wiriac fMM I« 8# 3, Mi % ia «M MMM thoM ia ricna ki, 
«Ml« »trait tM Mial ftrto (T) to bo ■■■■Mil.  OMM 1 M« 3 an ia 
tMtiM Ml ftCM 2 OM fc ia tMpMtiM «hM tht btltMt it Wtjottti tiAJotttd tö 
M Mial lead,   tow to tht mpid thM«t «f ttapontico la tho iattnittart 
MMWMlt via« tUMtla, a t«vtratwo tffott «ill bo ia oridMM.  ThU 
it Mialy «M to iMtiM B aot tirtllht Ml twtiittlhg M tht MM mto 
M tht outor ttruoturo tf tht baloMt.  Tht w tottlM «o«li« thtrtftrt, 
bo ttMtttfl la a tiaUar M«M M If M Mial fWM «wo attiag. 

13*   la w«w to tMjMMlo fw thit tMlwMwo Wfoot four M 
oro platoi M tht oftw «M M MMM la Flfw« U.  Virlag th« 
lako oa ialivituol hrlift oal plMlag thit bridft ia iwaUol, M 
ia rigwo kc, «ill oHrtMtt tht tttpwatwo «Tfttt.  Aa Mial for«« 

«IPIMI to tho MM otnttwo «1U aw mbm mm» 1, 3, 9, M« 7 to bo ia 
ttwiM «at tafM 2, 1», 6, tad A to b« ia «OWTOMIM, thw «rcati^ M 
fhtlMiH ia both kridft« «hlah or« atittalljr aliiv  A ehMf« to 
twiaem'-ato, M dworibtd ia tho prM«diig fwapih« «ill oowo ftfM 
1/3* 6» Mi 6 to bo atrcttoi to tiMiM.   BMh ialiTidwl triift it aw 
vWalMMd but to «fpMito iinotiaM» thw oypMlag «wh 
rwulttof to a tare whalaaM fw tM tirwit M a «halo. 
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3k,  A pketognph at • •ix-eavoont teUne« used la taralopatnul 
tMtlng is prM«Bt«d la Figur« 9.   Tb« «zial ««etion la this telue« 
utiliiM th« jWUil two bridt« circuit, 

NsuBtiac of BR-k B«k«llt« Strain OafM 

19.   Th« «ffielaaejr of • bftUae« dopoods to « Imr«« «attoBt on «i« 
propor «ppllootlon of th« stimin pm.   Tbtrofor«, snot oar« aust b« 
takon in pir«parlaic and ooawtiag th« otraia pgao to th« flaxibl« 
of th« balane«.   A food hoal »111 faciatat« halaiwlng of th» ooaploto 
bridfa circuit aad halp to rodueo t«v«ratw« affoet to a alalaua. 

16.   lach toidg« eireuit aheuU oootala four aatohad atrala 
Th««« gMpM auat b« «qual la r«alataao« to withia en» Iwth of aa 
and comtala th« »aa« AM« factor: 

Gag» factor 0 ■ AR /AL 

«hor« A B 1» tte ohaai« of th« uMtralaod rMistaac« I produsod by aa 
Innrtawt la loocth AL oa th« oriflaal Infth L.   Za «h» «voat aet 
«nougb aatehod »train MP» «r« «vaiiabl«, th» »trala pgw of two 
adJaMBt am »hould bo aatehad. 

17.   Bofor« a«a«aUy, th« looatioai of th» M»* »hould b« laid out 
carefully, aal th« §»#»■ »hould b« trüMd, if mommgy, to pandt th«a 
to fit th« »pae« amilabl«.   Can »hould b» takaa not to dang» th« grid» 
of th» gag»».   Th« »urfae«« oa «hieh th» tßtßt ar« to bo aouakod «hould b« 
rwgbMMd ■lightly, by »craping with a tharp kaif» or othor tool, aad thaa 
elsaaad thoroughly with baaaiaa« f oUomd by pur« graia alcohol, aad 
finally with aootoa».   Th« gNP» alae should b« eloaaad thoroughly.   Aftor 
drying carefully, oaro should ha takaa to ateid touwhlag tho »urfae«», 
until th» coasnt i» appliaa. 

10.   Is preparing th« ciaint for UM »a aotltater la added to it 
aa it ecnss frea th« tub« until th« propor eoMistaaoy 1» cbtaiaad. 
Thi» aixtur» is thaa appll«d to th» »urfae» of th« astal aal also to th» 
back of th» gag».   Th« gag« 1» thaa placed oa th« a»tal aersr amrtlag 
aor« thaa li#t contact preaeura (flngor contact 1» »uffleiant).   The 
gsg» 1» then Tory lightly claaped ia plae« aad bakad la aa oven at 
220^ for a period of two to four hour». 

19*   After »aanhly aad bafera wiriag, each »trala gag» »hould b« 
cheeked for laaulation reeietaaee.   Baeh gag» should haw« no l«e» thaa 
10,000 MgchM botaoaa the «rid Xante aad «reiad.   After wiring, thay 
ahould be eheeked again aad th« total iasulatloa reelstaaee »hould bn a» 
1»»» thaa 1,(M0 asgnhaa to ffrovnd. 
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OcUarBlmtlflB of Brldf» 

80.   HMM wr* «we taai« Mtted« la «IM for ladloati^ tte 
man MTCM the «tni^m» Irtifi.   Tta* fint Mtbod to 

la PlcHM 6A.   Iti this artta«, «to Up* «ondmla of tb* teldg« (J «m K) 
■r* ■hnBtad tgr the «oA WJHI— of • fotttoMi» tgrp« wrltftl« 
TMlrtMiM.   UM •Utar is ooiawtcd to OM of «te e«tar t«tmla»U 
• MlltawtK« MslaUaM (Be).  Mai tho «rllf* is wtataaead, «gr 
•ppllMtlo« of • lea« «e tlw ««1MM, tk* «utpat vol«^» can «• s^dueod to 
Mire tgr aenat the «liior «a «he petonUoatfter.   AM «MOBI of aeiloa 
reqalred la ligwiwi oa the »IM of tke load wi the mlae of the 
oallteatioa NSlaUawe (Be),   »e anil toailtlaa eea «e «eteralaM te 
vithla OM atoTCMlt tgr mix* tax aapltf Iw ohwMd aereM the eutput 
tondaale.   «he •^UtUr OM «e noMMtoi te M jadleetlac aoter te ihm a 
anil.   Hare ustaüJjr hmtrm, it Is eoaaoeted te a sorra aster i*ieh 

tioaUar *rtfm tM slider «f ths fstMtl—>M te a mill polat. 

81.   «he seeead asthed is MMI la Pl«we 6B.   J» this qrstM tM 
Tsltafo laislwBo is "hwhsd oat" tgr M siasl sad eypMite veltafs te 
SMala a anil rsadiag.   «he «asuat of mrlatlM of tM slider pMltloa is 
dspoadvk m tM mlas of Bs la seriM «1th the "hneklac" valtafs supply. 
2a tM first spstM, tM rsadiag of tM slldor dial is laliiMdait ef tM 
Taltafli applied te the trldfs.   Shit Is alM tn» of tM seeoad systM If 
tM Midfs aad "hBBklag" MltagM are e|Ml or laiy prsportloaalldr.   IM 
first systM is vatffeeted la oaUtsatloa Igr asgr filters applied aeroM 
tM «rides entpot or eapllflor «Mdaals.   BSMMS, tMse filters a^ 
Cive rlM te servo IMUSM SIBM thegr «SSOM part of tM regulateiy loop. 
Za the sssead spatM, ths ianiiano of tM filters a^r coMaiMhljr load 
tM «ridge aad ntmm ths ealltatatloa, ««I thogr would net M part of tM 
regalatoiy loop. 

88.  Nunal data rMnrdlag is pMially tahM with a «K» oyela «rldgs 
supply, sorve OMtfellad rsuritsi is taMa with €0 cycle «ridce supply, 
«hs sorts driww «alsMa deteetloa opstM is alapta«U to autoaatie 
rMir^lwt of data sa poashad oasds.  «his SIBIM is gMnallgr used at tM 
BMOI OrdssMi lahcrstuta wiad tvaaels te ftvrm aoouraejr of trsMorlpfeioa. 
A üptdp^i of this stmaiat is ohawa la Plgara 7.   Details ef tM 
prassdwM assd for calihratioa, takl^ of data, aad uo^Hatioa teehaiquM 
srs doeorlhed la the aaat sestioa of this rsport. 

CaUkratloa ftoosdMMS sad Data Bedustisa Bquatiom 

83.   Callhratiea of M laftorsal str*l»>fsgs «alaaee comists miaiy 
of «ppljrl« to the balame slailar leads M weald «e oaeoiatered la tM 
wlai taawl «as«.   Bsoh MM—1 is oalitamted sspantely.   In 
oallhrstioa, the welkte sad laedlag statloM'are team aad frea tMse 

iA.   la ths sanwssdlag psragaiM tM oalitostloa teebalquM sad data 
rsduetloa staatlsM for saeh ss^aMst srs gwipsd tegsther, each «seticn 
oisaial^ ths oa^lalo prMsdurs for OM oovoawt.   «his laeiudM 
osllhiatlia «eshaliM, dorlmtloa of data rsduetloa squetioee, aad Inter- 
aetloa e«uatisM If appilsShla. 
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CalitamtloB of Fltehlug «ad Ymiag 

3},  Tb» MUtemtlon proMdur» for pltehlag aoatBt «ad ytmiag 
i» «netljr th« MM.  Tb» lBt«Mtl rtwliwpi« talaaeM usad 1B tlw HOL 
ho x kOcu AMrdtaOllstlM Tvm»U mfiar th» twe-WMBt wtbod for 
detwainlag aorml or •id« torem,   Tbarmtw, it mill to •ufflelaot to 
par—a* tto pgroeadur» for onlor cam ■oawit pf«. 

26.   Tto Mtutl oalltemtloo pree«dur« na to tookn up lute tbr— 
•top« la th* foUmlag auaaert 

(•} Tto balaao« «ad ftlas It aouatcd la • dlTidla* toad la tte 
MM pMltloa that it will eeouggr la tto ttuml, 1.*., pMltiv» aacl* of 
attack up «ad tto balaaM la Icmlad. 

(b) Aa aitltnagr rafwaata polat is oaoaaa ea tto 
vfaloh tto alaetrleal ewtar of tto fMa caa to daflaad.    A TMy 
eonraalMt avthod of doing this la to aouat tto aodal tody ea tto 
la tto saw pMltloa M It will to la tto tvnal.  this dlrsotly raUtoa 
tto alaetrleal eantar of tto mw» to SOM aitltmy palafe m tto aodal, l.a., 
tosa of tto Mdal. 

(e) Calltoatad «alerts aara appllad ta tto talaaM, Tla aodal or 
ealltoatli« tody, at daflaad lomtloos.   Aa etoaft la rMlstaaea of tto 
•train «•«•• at tto aMsurlac saotiaa, dua to tto appllad load, la raeovdad 
by tto strain lallMtor oqulpMBt for oaeh laeMMak of load appllad.   fbm 
•txmla ladlMtor oqulpatet ylalds tba etoaga la rMlstaaoa la units of dial 
dlTlsloos (AB) aaS Is ralatad to tto actual aoasat by tto ofuatloa. 

«tora 

M - If (X -Xc) - K (AH) 

N > aoasnt (laob-lto) 

W ■ nonal forea, kBom «altfta (lbs) 

X ■ gkga ooastsat (laeb-lto/dlal dlTlslea) 

XQB alaetrleal eonfear of pago (la.) 

X ■ polat of opplloatlM of load (Inch) 

AB ■ dial dlrlslOM of daf laotloa 

27.   With tto teova «al^ta hia« at a kaom dlstaaoa froa tto rafi 
point, tto factor K asy to datamlnod.   Bale« Is atom a plat of tto AB 
taluM racordod vton kaem waltfrta ara bung at various etatioas aloag tto 
X axis (body arts). 5 

r 

i _ 
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AH 

Th« point «lone the axis where the etr»ln la tero, li tlM «ItetriMl 
center of the gage.   The electrical center and the geeaetrlc caster of 
the gafai aey not coincide.   This nay be due to the aennar la which 
the p«ae «re aounted or it my be a aeehanlcal charecterlatlc of the 
balance, or a eoriblnatlon of both.   The eaae procedure» apply for yawing 
MMBt loode that apply for pitching monent load«.   The only difference 
being that the balance 1« rotated 90 decrees ccunter-clockwlee (looking 
forward from bone of model). 

let 

Detemlnatlon of Callbiatlon Conatants 

(Pitch and Yaw) 

x-x« 

% m leading station 
Xo« elee. center 

ü (AH) 

M 

4 -4 {*&  »I 
Xc W) 
Y-^ ii^-^Ww Xc (1) 

,-J 
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Multiply «quatlon (1) >y X ud by Y to obtain a pair of •laultaMous 
•quatlomt «• bar«: 

Taking •uaaationsi 

Toy datwalnaarts! 

IV -IX tY*    •>• ^V   IXY 

1^*' "2K^        -1X'.2Y'4(£XY)' 

I«»'     *X| 

|1XY   IY|    _   Zx'ZV   - gx    ^XY 

XT -     |«x'-Z)or|   '-5X*.IY'+(£KY)8 

|lXY-1 .tY' 

(2) 

(3) 

(*) 

(5) 

K    « JL/^-J-^   - f^x'  ^Y -gX ^XYTgX'zrN^XY/ 
Xt ^ "fc / -iX'iY' +(SXY)e  J-JX JY^SYZXY 

10 
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(6) 

(7) 

Ptgl^tloo of hwml row aafl mchlM Mo—rt »»ductlca loufttloM 

Two NeMBt Nvthedt 

i    T       ! i 
i   i     i ^ i 

i   i    1 

CiSM   C«MV«MT|»M 

Th« MMBti MMurod at station« X^ «ad Xg »ro eautod tgr a nenal fore« (H) 
Mt lag «t •tatlon Xc.p, 

-M, » W(X,-Xc.p.) 

Ht^(Xe.ft-Xt) 

My « ^(X..ft - yc) 

(8) 

(9) 

(10) 

INtt 

v!f1S>' 

u 
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•Wtaf tquatl««. 48) wd (9) v, „.^ 

■elTlag 

N 
x.-xt 

««>~"1«« »fe «a Mi la th. font 

««--Kt(AH), 

•- .«».tltutlag teto ^«.tl« (u) 

la eorfficltat fom 

(U) 

(12) 

(13) 

(1*) 

(15) 
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Solviac 'or tlM pitching oooMt «t th« e«t«r of gt»rl^ (it ), 
•Ubstltutla« «quktlon (11) Into (10). 

using «qufttloM (12) «ad (13) 

tssrMtlag N v la eeofrielMt form «coordlne to 

* - t&'&^r] - {^f«i-] '-» 
for MM of hudllag in IBM induction, MMtlou (19) aal (10) ay bo 
mii'Maad la tb* fon 



WCKD Bapert S97B 

(20) 
«hart 

AN   »   . &  

A« .-K 

'.    BM » 
f^Cx.-x,) 

9 *3-B^J 

••naltivity.   A •l«nSdS1jS0!
1!J„M!üh au?b«f •*>/« • chw« in 

■o-nt ü» th. y«, SS, iSTSS Al? ^ *• f ^ ** S?«- 

(21) 

(28) 

«hur* 

^^^•-^O     >   öy = 
»•*C^-x4; 

?.j.ci LXJ-X4J 

Hf 
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88.   » • load U amUad to a aotel 1A «M of tto Nftraw« pUaas 
utf tto «tnla ladlMten r«eard fovsM la a Meoad wfawaat plaaa, 
aagularl/ dlaplaaad 90 daprfw, tha laftloata« foreaa rMordad la «ha 
ptaaa ara oallad latanatioaa.  Aa lataraotlaa eaa b« oalltoatad aad wwm 
ftaa tta data la it» raduetloai or it eaa b« parfclaUjr or oflaplataly 
rawvad tgr alaatrloal tbintlag.   XBtaraotioaa of pitab-«a>yaw aad 
yaw-oB*plteli «aa aliagra bo «Btlraly rwmad alaatrloally.   Ztttataotloao 
•ra uiuaUor oauaad tgr aa laporfaot ilHwaMit of tba atrala ptt«« 
fha ■IMTIJ—il av ba dw to tha aanhlnlin of tba balaaoo or to tbo 
■ouattat of tba atrala figtt.   Pitob aad yaw fiftt oaa bo ilignod 
alaotrioaUy (90 dopoao apart) by f irat pUelac tba aodal «a tba balaaoo 
aad lavallaf It, aad soeood, plaola« a«wl raalttaaeoo la puallal witb 
too adjiOMrt am «Ul brl^t tba Vboatatoao Brld^j lato allgwin», aa 
abaaa la Flfioa 8.  Xho taluo of tba roolitaaoo aad tbo poaltloa of tbo 
abuala ara dotondaod oaporlawtaUar«   dlaoo tbooo latonetloat ara 
alllaotad tbo ftdUm of dato raduotloa la roduoad to tba olapla font 

Aslal Poroo Calibration aad BaduotioB 

89.   za tba oallbratiea of aa axial foraa balaaoo, tba innroaanto 
of load ara appllad aloag tbo loaf itudlaal aria of tba balaaoo.  Aa axial 
oalibcatloa la paiforaod with tba balaaoo aouatod vartloally aad lovalod 
la tblo poaltloa.   Sbo laoroaoata of load ara appllad aad tbo otrala 
ladloator doflootloao ara rooordad.   tba ladleator roadlapi aro ralatod 
to tba aslal foraa by tba oquatloai 

F • K* (AH^ a C^ • f 5 
(83) 

f'S (8*) 

% • pouada/dlal dlvioloa 

To dotonlao K6 trm oallbtatloa 

(a?) 

«borai a ■ madbor of IMP—H uaad. 

15 

f 
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PMfimticnof  AJilal raro» IfmotleM 

90.    ZBtMMtlOM OB MClftl fOTO« «TlM fTOB tlM OOIldltleB Of tht Utltl 
for«« MI* Mtlag M « pltehlBg «aa/or yMla« aoMot pt«* la •ddltlen to 
MMurtaf loaeltudiMU. fore«.   HIM« iBtMMtiom, for teUaeviiMeh tevt 
tto «ntg Hak laoatad insid« er «IM «odel, «re of the evder of en« to three 
pereeat.   The fen of the plteh iBtertctlone en taiUl fere« la elaller to 
ttet of the yew latenatleai tborefere, M umlyia for only plteh 
iBteraetleno la ■ufflolent to lUuetmto the aethod.   «to eendltlaM of 
eoMblaed loodlag eoBolatlag of • aesml laid «at «a «rial load oaa bo 
iUuetxmtod la the feUawln« dlo«Nai 

P ■ axial foree (Xbo) 
H ■ aoraal force (Ibo) 

Xo.p. ■ oootor of preeour« 
looatlea 

t m e.g. looatlea 
Xfm «loo. eeator of 

axial pee ootlag 
ae a plteh aoa. 

«T ■ W(x..a -tj . H^  +H(t~xr) (86) 

The itfala ladloater read* the total «ffeet of both axial foree ead plteh 
IsterMtleai therefore. 

AHT**H* +AHM (87) 

ARr - total roodlai 
AUA m axial foree 

iBtwrootlea 

•tiala ladloater reodini (AR) ore related to the 
tgr the follawlai «quatleae 

AH* 

ecapoaeat f oreoo and 

F a «4 (Art*) (88) 

M7s M^M) (89) 

16 
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XMmasias «^uatioa (27) ud •ubstltutlag la «qiMtleoi (86) and (29). 

K,     *   AHr   " £l (30) 

Mine tlM NlAtlomhlp «tprMMd la «quKtion (26), «• hart 

XxprMtiag th* foreM *nd MMBt la eo«ffIclmt fan aeeoHlag to 

(33) 

(3^) 

*i K7 —ft- 
■olvlae for CA 

CA*M±(AHr) - C# .d(^ -  Cv(S-X7)^     (36) 

fwtormiat • slallar «oalytl« for th« oaribiiMd eonAltloM of yav lo«d md 
ulal lead, «• h»v* 

C4  - J^a^) - C^ .jnu\ . Cyft-^K,      (37) 

17 

J 
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For th« goMrftl ooriblnad load condition vhtro pitch, yaw, «ad utiml tote» 
loads »r« «ppliodj •quatlon« (36) ud (37) »r« conibliMd ud tho fli»l 
roduotion «quatlon boooooi: 

Kr K»   (38) 

-c,-ä'C^-c»"'(-fc) 
vhort 4 Hx contain» monant eonpomnta duo to pitohlnc and yawing momnts. 

for ilmplifloatlon and «aaa la IBM reduction, aquation (36) any ba vrlttan 

CA ■ A* (AHT) -5^-Cv - Sy -Cy -S^-C« -S^ -C^. (39) 

whara 

s^^-xr) ,      «r'-Sör-xO 

Sg a   d • Kt Jyr d-t 
Tha "8" conatante do not chance throughout the ratiro tost, I.e., changes 
In Kg sensitivity also changeo K7 and Kb In equal proportion.   Tho 
constant (A*) will change with Nach nuifcer and sensitivity of the axial 
force gage. 

Boiling Moment Calibration and Raduetlop 

31.   In parforalng a rolling mcmont calibration. It is necessary to 
use a special rolling nooant rig.   This riß oonalsts et a claqp which 
attaches to tha aodal and hn an arm which extends horlsontally out and 
Is perpendicular to the aodal axis.   The am expands out an aqual length 
on each side ot tha aodal axis.   The arm contains two aachlaad groovos, 
one at each and.   Tha grooves are equally spaced from the aodal axis 
(four inches from tha aodal axl8> and are designed to allow a weicht pan 
at eaoh grow/a.   Tha load necessary to give tha proper rolllag moment 

18 
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1« »plit into two ••otiou.   OM taklf of th« load Is pIao«d on weh 
pu.   Th« CIMUOMI !■ thm taluead «ad th* load to truuforrod la 
liwr—onto froa on» pan to th* ethor «pplylng pooltivo or cloekvloo 
rolling MMBt (looking forMurd fro« tho baoo).   All of tho «oltfito 
•ro tMosfomd «nd than tho procoduro Is ronrsrssd «ad all of tho 
«olgbto ur* total »cross, still In Inersasats, to tho opposlto pan; 
thus lapaiting nogatlT» rolling aoMot to tho aodol.   Aftor all of tho 
vslghta havo baaa traasforrsd to th» oppoolto pan« half of tho load 
Is rotumad to tho original pan« again In innrsasnts, and tho original 
eoadltloa of »quillbriua la roachad.     Strain ladioator road Inga ar» 
takan aftor oaeh lnnr»a»nt of load traaaforrad throughout th» «ntlr» 
procaduro.   A llnaar rolatlooshlp Mists batwaan tho rolling aoasat 
appllad aad th» »train Indicator deflection, »xpr»»aad by th» »quatlon 

M^ a W •(«•nawT   MM) - KJ-CAHX 

W ■ v»lgfat (pounds) 

(»»0) 

vh»r»t 

ana ■ dlataaoo froa eaator llaa of balano» to «»Igfat 
pan (laohss) 

Kj ■ lneb-pouad»/dlal dirlslca 

To dotoralno K^ froa calibration. 

%i istk Kj. s     tit \käSiM (M) 
/ti/ 

«harat   a ■ nuab»r of ineraaant» u»»d 

A rolling aaaint latometlon dua to tha applloatloa of a noraal or 
jpaw load can usually b» rsamd »laetrloallgr, aa daaoribad in paragraph 28, 
Hewsvor, It la net always poosibl» to »ntlroly raaoy» tha lataraetlcn by 
shunting) It than bsnoaaa asoMsaxy to callbrat» tha Intoractlon and 
rmof Ita affaet la th» data roduetloa.  A dorlvatlca of th» lat«ractlcn 
aquatlona aad thalr application follows; 

Oarlmtlon of Boll Intoractlon Iquatlons 

32.   fhyalcally it can b» »aid that th» balanca axis aad tha roll 
axis aro skawod llaaa In apaaa.   In »«aluatlng tha intoractlon of a 
üorml or yaw fore» on roll, w» daal with tha projections of th» roll 
aila oa a horiaoatal plan» which paaaaa through tha balaaoo axla.   Th» 
following dlagraa llluatrataa this concept. 

19 
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»OLL  AXIS 

PftOJCCT/OM ON 

**LA*ce   AXJS 

Tttkiag • body croat-svction at station Xi aloac th« balue« «xlt. It 

X axis vartieal with 
plans at papar 

Tba rolling 
a« shorn is 

(iy) ohtainsd at station Xi Iqr a nonal fore* appliad 

M^  = ^Y-   **'(***), 

tharafors 

*' N 

(»«) 

UM ssns nonal fores (I) applied at station Xg will yisld 

^a =    At (*HJi. (»»3) 

20 
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Taking tb« vmiu#« uT y^ «ad y^, obtained «t •tatioiw Xj ud Xg 
rMp«etiv«ly, and plotting them in th« X Y plan« yields: 

- X •X.t 

this plot «ill font th« teals froa which the Interaetlen oaoateata are 
detenufled» 

The «Me where there is • rolling noosnt end • norml force «cting 
en • body can be illustrated by the following diagroa. 

PROJicrioN or 
RÖU AKIS   IN   X-Y 

PLANE 

■♦-Y 

21 
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Th» total roUlag mamab MM (ML) oomiata of tha trua ralllac Tha total roUlag KMrat raad (ML) oo 
(H^) plua an lataraotloa aoMiit (i^j). 

I'rea tbt abova iUgnm 

(«A) 

(^5) 

(^7) 

«hara 

y-c.Ä   =  ^  +  <m.(x..«- 7) (Ji6) 

«hara ■ ■ slopa of y, X ourva ■ .^y- 

tbarafofa^ 

froa aquation (10) 

tbavaxOTC/ 

daflBlag tha quwtltlM in aquation (WO by 

and atatlag that tha total raartla« (AHT) in dial division of tha rolling 

(W) 

(^9) 

■oaant faga la »da up of tha trua rolling aonont cooponrnt (A W<J «nd the 
Intaraotion ooapooant (AtL) jrialdn 

^HT   s AHx * A** OR 

AHr**Hr~ *H* (50) 

■ 
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■ubiMtutlag for A H, yieldt 

M# s  K^AH,) - /s//^. -/nu« M7 (5i) 

In eotfflclont for», «• hart 

(4-}- /m/- (3«) 

(53) 

For tho CM* «bat a rolling moment «ad a yav fere« an applied, the 
reduction equation would be, 

where -f- and /tv are the equivalent of ^ aad/tn^reepeetlvely# but 
acting In the X Z plane.   For the met general ease «here ooraal force, 
ya« force, and rolling aoMnt are all pretent, the ooeplet« reduction 
equation la 

■ore alaply atated 

23 
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(55) 

*>•"•      «^ r     V 

..-.,-« 
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•UM« Aagl« CarrMtlM f«r BiriMtiM 

3). AB il—I ttralB-pft tüMW —w «IM Iwi« Mttag iy 
«IM MTlMtloM «IM IM* lapaM «• it. UMM «tflM«!«» IMMAUM M 

«o «IM ««1« «f M«Mk of «IM MtoX iftlok wM ta «AIMB lato 
i» «IM f INI N«iMtiM of «bt teU. CUlte»«!« teU to «iply 

• ^OC oome«!«« it gmimi Igr iMil^i «IM aotel ia • fMhiw »imiiar 
«o • »iUh arnw l«i MXikMUM.   MMMB «•!#«• an «wli«! •« dof iart 
HMiMM «IM« «kt mmm Mit.    «M MMi« «tflM«lM Of thO tal«MO 
«IM «e «Mk lair—« or imi u wtmmt «ftiMUjr.  Wi«ii «kit tote, 
i« i« peoalklo to ooapiito «ko oMaf» ia M«1O «T «««Mk «IM to «ko 
**U*Um * «ko MMM ial«r iMi.   TIM foUowl^ 4l««na lUuatimtoo 

Of «IM OjtiOBt kiPMM>IM UMi. 

fmt of 4oc, S»I. «a« A « 
krlAOe.  fkarcrota, 

«ko lo^tttoT «ko 

AOC.gl  (97.3)      {«^MS} (3<) 

2a oHor for «kt «kovt tiaplifjri^ attiMptioat «o ko mUi, «ko 4U«MW« D 
k* ak ItM« «ta fMfe.  tkit «UX alt« 

A »la« *A0% ««•«• t«»«l«» IttMiaa (I) «iU jrioli a Uator 

••XC kolyoit) 

n***^. 
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Uttlag y •   TT4 «id apvlylag • wrthod of iMtt »qmr— tit to telva for 
th» slop« (J) of tte eurv* «bo»» «ad th« omUr of taatlag &0),v tev* 

'w -xx^r - x^r.xj 

(57) 

(38) 

um au*«r of tMfw la «my 

J ■ ooovmioB oooitaat (aogrooo/la-tt) 

nw •«uBtioa for ^QCOMI now bo «ritt« M 

AOC   ■ TA/CX-XO (59) 

to fMlUtat« ilMot NduetlOB ty ON, «quatloo (39) U sodtf 1*4 la 
«h* f ellowlag auMr 

AOC «T A/(X -7 -x. ^ sr) 

V ' (60) 

lot X ■ Z0 p, tad uolac «to roUtlooohlp «xpnoood la oquatloa (10) «ad 
rowrltlag la oooffloloot fom, ylolds 

ÜOC m J-C+f'S* "JTCff'Sfa- %) (61) 

topleyla« tto followlag ralatloaohlpo (dwlwd la the data roduntioa, 
tve aoaoat aoUiod) 

•    y.a.d   Lx.-x.J     ^.5'd Lx'-x« J 
(68) 

83 

rri 
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•Wl« (61) „«, ^„^ 

«•«.*«,.. **-K^«(1)ßlar.+I.Kj!M1.ß,   . 

(67) 

(68) 
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y».  «IM pr*M4l* parccnK» >»^» <w«nM la Ictoll tMl»l«uM 
larsl'n« la tt« UM of «to irtMMl atmla-iNt* talMM •jnua to MMvn 
•totl« foroM Ml MMBM la «to ML vlai «watla.  fto tolww »ttUm 

tloato tortla v«rt itlpito «o utlllM ««mta mtß» M «to ■WMIM 
A auator of am «Mi^w for imUnml tolmw to«« toca 

mt MM of «toM ar* aw la «to tovalapMrt Matt.   OM «r «to 
<Mi«M tolat MvaloMt to «to pmtoi «1M is M Mtrtly Mall latoiMl 
Mlal tolaM* «o to uMi prlaurllr la Mall lo«-«i«f aoial*.   Utfi 
■MiitlTity !• aahitvM ^r wiag a llawr «iffwMMal tnmtmnm 
(fetoavlts Cell) M «to MMlag iliaiat.   Skis yartleular tolMM MMIM 
la dwicMd to asMuro Mlal IMM la «to naf* frca 0.1 «e <.0 fautoo 
«l«h M Mowaay of 11 paroMt,  This tolMoa ■M«1M IS awiloail 
awaJy to sonro M M MIMU «* «to «oak la pjjpi «e IBPNM «to 
Meuiasgr aai «itMl tto «Hfs of our statlo losl 

ZaMnal Itiala^tafs MlatoM for Xbrasale Nnsi 

Si» Work is aow la jrcmrsss to torslsf tolMSM «kloh «HI MMUM 
ijfMBio laailaf M a aotol la «to via« «UOMII sfMlfloaUy, this IMIUMS 

wlaa (a) «ho to«ms forcM «otu« M a sykaüag aotol. (h) asMurlag 
«ho isMlag la roll oosffloloats of a aflaalag asial« oai (o) aoMurlat 
«to «SMlaf-la-pltoh oeofflolosto of a pltohlaf astol. 

torslopsi« SOM of «hieb ars sapshls of otoalalag 
tons sagtoo of a««aok (to to 90 logfoM).  «toss 
aosaal aai topus looisi «torsforo, thojr ■ 
largo aoraal loato aal yot to "soMltlM" mm0 to 
loais.   Za ass« lastsaeM, tto aonal loais aro of «to oHor of 90 to UO 
«IMS tto as^Utuio of tto Wmm loais.  A auto« of "irlvM" aro la uso 
«hieb opia 1 lA iash to 3 laeh ilaastor asiols to «orjr hl# opoeis. 
Iloetrle aotovs are usei to spla aoiols up to 89,000 r.p.a.i air tustlase 
are ussi to spla aoiols up to 60,000 r.p.a. 

37*  the isMlat la^roll to ISMS OM to usei to otoala 
roll aoMuroMBts or to otoala tto stahlUssi reU rate of a alssll« vlth 
fla sato.   This talaMo Is uallto other tolSMM la ttot tto strala pfM 
rotate vlth tto aoiel.  fto etrala-pfs slcnals are tnaoalttoi frca «to 
aoiel Igr BOOM of "slip rlafs."  A« prssoat, «his tolBMS OM to usei oaljr 
at «ery saall oagtos of attask aai at spla ratos up to 10,000 r.p.a. 

36.  Tto isaplto-la-pltok halsaM «M toel^Mi to Oktale 
oooffloloats Igr tto iSMOi oMlUatlM teotol«ue.  This tolsaoo la stlM 
aouatoi sal OM to ussi oaly «1th blunt tosei toitos.  Tto tolsaoo seotlM 
is loMtei IMlie tto aoiel.  This tolMoi «M tosljaoi to allw «he aoiel 
to to IsMtei to «wlous pslats alsac the Mis of the tolMssi thue 
slaulatlM ilfforoat ooater of grarlty laotolMi «l«h respee« to «he 
pltet fissure of «to tolsaos.  Tto lastaatoasous saguler ilflsstlM of 
tto aoiel is plstoi up ty aosM of strala mm» aouatsi at tto f lesure 
point (SM refwroMs o).  Data OM also to ohtalaoi by jtotmruphfM • 
aoiel aouatoi m ball bowlap aal oupportoi by a «Ire rlf.  loth 
asttais of otoalalai iata en la ooaetsat UM. 
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39.   With tb» dyMBle teluoM «uawmtad »bw« th» vw«tuity of 
tbt data obtained frea %iad-tuBMl tMta vill b« fNfttly mhwwtd thtroby 
Hklag th« «lad tuaaaX a aor« utaful tool «1th «hieb th« Mrodyimale 
dMipmr ««a ohtala th« iafenMtloa h« rcquir««. 

Nmn 
ko.   This report hM d««orib«d th« t«a«ral dtiifi eh«nvet«rittlct 

ud th« taohalqu«« «apleyad ia «btalaiac wlad-tuuMl data with lataiml «train- 
fH* halansM.   Th« data nduetloa «quatlea« d«rlv«d h«r«ln «r« gwMrftl 
Md arc »ppllcabl« to «11 oantll«v«r balaao«« of ayHMtrieal crote-Mction 
which «■ploy th« tvo-aoamt a«thed la ebtalalac aenal fere« data. 
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FIG. I  TYPICAL PITCHING MOMENT AND YAWNING MOMENT 
MEASURING SECTIONS 
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•lOTlON  S-X 

FI6. 2A  PITCH AND YAW 
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MOTION OF «LIDPR NKOUrWO 
TO NltTQMC NULL It 
INDICATION Of MMKK 
OF UNfALANOC 

rWCATINO 
MCTIR 

fr*\ 

FIG. 6A 
INDICATION OF UNBALANCE BY MEANS 

OF A SHUNTING POTENTIOMETER 

MOTION OP tLIOf N NKOUMIO 
TO RUTOM NULL It 
INOtOATION OP OCONIC 

OP UNIALANCC X 7 il si 

1 
AMPLIPIEN t© iNOiCATINO 

MITIN 

FIG. 6B 
INDICATION OF UNBALANCE BY MEANS 
OF A "BUCKING VOLTAGE" IN SERIES 
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MtlSrANOCS 

R It 

J MW N Aftf PVHE* LIAOt 

A MW • Ml MMM LIAOt 

FIG. 0 DIAGRAMMATIC CIRCUIT LAYOUT FOR ELECTRICALLy 
ALIONED BRIDGE CIRCUIT 
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fcttmftl Distributioa Litt 

No. of 
CoplM 

Chttf, BUTMU of OrtaMM« 
DopiurtMBt of tho Isvy 
WuhiaitoB 29, S. C. 
Attn:   Bt34 3 

Bo9» 3 

UMbiacton Air Forct OtvolopMBt Field Off loo 
Boom 3016, Main Navy Buildiaf 
HMbiagtoB 2}, B.C. 
Attat   Major B. B. Bobiason 1 

rn—mliin Otatral 
Hrlght Air Deytlopnoat Coator 
Wvlrf»t Ibttoraoa Air Fore« Baa«, Obio 
Atta»   WCOHB 1 

«COW 1 
UCS 1 
WCXB 1 
VCR 1 
WCOII I 

U. 8. Naval Ordnaaoo Vtat Station 
layokora« China Lako« California 
Attni   «. B. Baaaltino 1 

L. T. Jaglollo 1 

U. S. Naval Droviaf Oreuad 
Oablxrta, Virginia 
Attnt   Or. C. J. Coboa 1 

Convair Corporation 
A Oivition of Ooaoral Oyaaaioi 
Fort Wortb, Uxt* 
Attnt   0. C. Orofan 1 

Convair Corporation 
A Oivivion of Ooaaml Dynanict 
Ian Diofo, California 
Attnt   0. D. Brauott 1 

0. I. Shuo 1 

Cbiof, Buroau of Aoroaautiea 
Dopwrtaaat of tho Navy 
tfaibiagton 9% O.C. 
Attnt   Aoro and BJrdre Braneb 

Ooatral Bltctrlc Coapaay 
BuiMiag #1, Caapboll Avoau« Plant 
ScboBOOtady, Mtv York 
Attnt    I. H. BAolfalt 

'I 



■ ■<• *  ■■P-»   • 

Ball AlMMft 
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1 

■•I. 

# *^» 

9.9,9m§m 

■ . 



XaitlttiU of 
960 NMortal Brit« 
CMfcrUfi 99« IteMMkMMt«« 
Attet B. I. «MI 

lwri<|MnU TM« Plflslon 
ItaivHWl* or l. OOtfanl» 
U. f. MMftl Al* NiMH« TMt 
ffl« M«tt» OOlfMrnto 
Attel J. I« CMTUgtM 

«ertk AwrlMa Arlskl«, XM. 

kfi, Gtliftni» 
ktm f. v. r«ny 

A OlTiSlM tf OOMMl VfWmiM» 

Ana» I. J. UUIM 

^00 NMB MVMl 
iMPtf«M 0, CMMttlOttfe 
z. 

•vpwMal« Wlai 
■^liwrli ■■■MWll XMtltUM 
lUlMmitr «f NftiklfM 

AttM i. r. 

am 
■e. CoylM 

lfri#k Air 
Wrlgrt IMrtwiM Air Fort* BM«, Ohio 
Attas A. 1. BuBkltgr 

AnX* IfegrtlM 
«1M MMW lopklM Itelvwaltgr 
attl OMtfl* Afww 
SIIMT «iriai« NutarlMi 
Attw Br. r. X. IU1 1 

fir. C I. W«rritf4 i 
A. I. MMgr 1 
L. &. CiMrlok i 
J. Valter 1 

•. -*•.- -. 



am 
I». CoylM 

»um—i or 
A» Ohle MM« IMi 
ColiMua 10, Ohio 
Attas Br. 0. L. V« 

IV 

Arlw«t« (Mvwwltr 

AttM 0. N. 

BMlMi 
•wttl« BirUim 

A%IW 0« •• MMiMT 

lalfkN. Mnm 
FNiwiok« Mity.' 
Attot K. «. Ti^la 

AttM   A. A. 

Ola 
I» 

Z. 

AttM M, 

AttM MirttO. 

ASWA, Dagrten Ode 


